Abstract: Light-emitting diode (LED) destination indicators mounted on the front of buses enable pedestrians to quickly identify bus numbers. In this study, the factors affecting their legibility were investigated. We aimed to deduce the process of enhancing the legibility of LED destination indicators. Combinations of different text colors, text fonts and information display locations were investigated in this study. Significant differences were observed at the longest visual range when these combinations were used. The optimal information display was obtained using the New Johnston Medium typeface with yellow font color on a black background. For the glare distance, significant differences were observed when different information display locations were used. Superior results were obtained when information was centered. This study is of practical importance to people who depend on public transport, especially those in an emergency. In the future, these results can be used as a guide for designing LED destination indicators that are mounted on the front of public buses.
Introduction
The aim of light-emitting diode (LED) destination indicators on buses is to inform pedestrians about the bus number and destination. In peak traffic and low-lighting situations, it is difficult for pedestrians to accurately identify the bus number and destination in a short time. In particular, the ambient lighting condition changes at night. This increases the difficulty of identifying the number of a bus; thus, commuters may miss a bus or take the wrong one. Therefore, it is crucial to explore the design elements of LED destination indicators and conduct further studies on the factors that affect their legibility. Due to the current needs and lifestyles, high-efficiency, high-energy-conservation and long-life LED products are widely used for road lighting and transportation facilities [1, 2] . The use of large-scale LED products is inevitable in the near future [3, 4] . Thus, LEDs have transformed from being scarcely used devices to being widely used lighting devices. Compared with conventional light bulbs, LEDs conserve more energy, have a lower damage rate and have a longer service life [5, 6] . LED traffic signals and information displays provide clear messages to the public [7] [8] [9] . No general rules have been established for the design of LED destination indicators mounted on the front of public buses in Taiwan. Some bus companies do not consider the visual factors for humans or legibility principles when designing the alphanumeric display panel on buses. In the field of design, text and numbers are two of the most crucial elements of visual communication. Thus, designing, revising and rearranging the structure of text and numbers yields better legibility, improved readability, ease of recognition, and improvement in visibility of text and numbers. Bus numbers are currently displayed in similar fonts and pedestrians can identify bus numbers and destinations by reading text on the LED destination indicators. Thus, they do not have sufficient time to make relevant decisions before 1.
To identify out whether different fonts, colors and locations influence the legibility of Arabic numerals; 2.
To determine the degree of glare caused by displaying Arabic numerals using LEDs; 3.
To examine the factors that influence LED displays on public buses to achieve the maximum visual range.
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Legibility
Legibility refers to the human ability to accurately read and understand the contents of a sign in a short time [10] [11] [12] . In emergency situations, people must be able to rapidly and accurately judge and understand the content of text in a limited time. The glyph structure is a crucial factor influencing visual recognition of text [13] . Legibility is related to evaluation indicators such as font, symbol and visibility, which may affect the visual search [14] . The characteristics of strokes, the thickness of strokes, the height of characters, the width-height ratio of characters, the contrast between numbers, and different lighting levels have been found to affect the recognition ability [15, 16] .
Visual Range
Visual ability affects a person's visual performance. When viewing colors, people perceive subjective characteristics of contrasts related to brightness, color and hue contrasts [17] [18] [19] . Brightness contrast signifies that a color block placed before a darker background appears brighter than one placed before a lighter background. Color contrast denotes that a color placed before a colorless background appears more colorful than one placed before a more colorful background [20] [21] [22] [23] [24] [25] [26] . Visual ability refers to a person's ability to recognize the details and contours of objects, and it includes the aspects of visual acuity, contrast sensitivity, visual rate, color vision and visual adaptability to brightness [27] . In the field of transportation, vision is crucial. Nomura [28] indicated that visual stimuli accounted for 87% of the external stimuli perceived by the five senses. Vision is the general term for visual ability [29] . The LED display screens on buses are 200 and 40 cm in length and height, respectively. In this study, the experimental conditions were set to be identical to the distances between pedestrians and buses when the commuters waited for the buses. To calculate the distance required to identify a number, we used the Arial font, which has the smallest spaces between adjacent numerals and the number "9" was selected. According to Taiwan's scholar Wang M.S. [30] , the number "9" is often mistaken to be the number "8" because the bottom half of the number can be easily misread. Therefore, the minimum detectable range and minimum separation between characters-two criteria to measure the vision or visual acuity of humans-were employed to calculate the minimum spacing required between numerals.
Wang also identified four features of the visual field:
1. Minimum visible, perceptible: the range of visual identification ability of a human.
2.
Minimum separable: the range of visual perception of human eyes. 3.
Minimum distinguishable: the range of interpretation ability of human eyes.
4.
Minimum legible distance: the range of the human eyes' ability to interpret the smallest parts of a figure.
A trial and error method was adopted onsite to measure the visual range to determine the longest visual range (120 m). We referred to the visual range of liquid crystal displays recommended by the University of Wisconsin Research Center [31] and considered the width of LED displays mounted on buses to obtain a visual range of 28 m. Moreover, the participants in this study were asked to complete an assessment questionnaire on the "degree of glare from far to near", that is, when they were 28 and 120 m away from the buses.
Glare
Glare occurs when the brightness in the field of vision is greater than the eye can tolerate. Glare can cause visual irritation, discomfort and disturbance and loss of eyesight. Currently, there are no policies or regulations on the glare produced by LED billboards, traffic signs or vehicle lamps. Whether a person experiences glare is determined by factors including the intensity of the ambient light, the person's physiological condition, the balance between the light source and the brightness of the surrounding environment, the angle between the direct and indirect light sources, the angle between the line of sight and the light source and the distance between the light source and the observer [32] . The major causes of glare include a high brightness contrast between the light source and the background, an extremely bright light source and a light source with a wide angle that is close to the observer [33] .
Information Display Location of Arabic Numerals
Based on a survey of buses in Taipei that was conducted in this study, we identified two information display locations of Arabic numerals-left and center. Thus, these two information display locations were used in the experimental design determine significant legible factors.
Methods
The legibility of LED displays mounted on public buses was examined in this study to select the optimal Arabic numeral font, LED color and display location for the longest visual range and the elimination of glare when viewed from close but without compromising the design aesthetics. Because illumination differs between day and night, the study was only conducted at nights.
Participants
Thirty participants, 13 males and 17 females, were selected for this study. The effects of sex and age were not investigated in this study. Before initiating the experiment, the participants underwent an examination to ensure that they had normal eyesight. The participants were aged between 21 and 25 years. Figure 1 illustrates the first stage of the experiment. In this stage, the participants were asked to look at the LED displays from a distance of 120 m and complete the questionnaire. Subsequently, the participants were asked to view the LED displays from 28 m and reattempt the questionnaire. The test was repeated until 18 test samples were collected.
Experimental Procedure
Figures 2 and 3 present the second stage of the experiment, in which the participants started 120 m away from the LED displays and walked toward the LED displays. They were asked to move 1 m at a time and to record the distance at which they could see the numbers and the distance at which they experienced glare. The visual range and glare distance were rounded down to the next 1 m and next 5 m, respectively. To ensure the reliability of the data, the order of the experiment was varied for all the samples and the participants were asked twice about the visual range and glare distance. The visual range and glare distance were recorded only when the participants provided the same answer at both times. 
Equipment and Samples of the Experiment
The experimental equipment architecture diagram of this study is presented in Figure 4 . Figure 5 illustrates the experimental samples of Arabic numeral fonts and Figure 6 illustrates the experimental samples of Arabic numeral display locations. Table 1 outlines the design variation in the experimental samples and Figure 7 represents the design of all experimental samples. Table 2 outlines variable factors of sample numbers. 
Subjective Scale of Visual Fatigue
Heuer et al. [34] developed a subjective scale of visual fatigue with six items, as listed in Table 3 . Each question was answered by a 10-point scale, from 1 (not at all) to 10 (very much). In this experiment, the subjective rating scale proposed by Heuer et al. was used but the scale was modified into a five-point Likert scale for individuals to express their agreement with the statements. The five responses were strongly disagree, disagree, undecided, agree and strongly agree ('1' = strongly disagree, '5' = strongly agree). 
Experimental Results and Analysis
Assessments conducted in this experiment were divided into two parts. In the first part of the assessment, the assessment questionnaire on the "degree of glare from far to near" was used. The questionnaire involved a five-point Likert scale and was used to record the participants' scores. Subsequently, the mean score for each question was calculated on the basis of 30 samples. In the second part of the assessment, a distance record table was used. The participants were asked to record their visual range and glare distance in the table by referring to the meter marks written on the ground. On the basis of the descriptive statistical results, the descriptive statistics of the variables and the mean (M) and standard deviation (SD) of the participants' line of sight were calculated. A multivariate analysis of variance (ANOVA) was performed to determine the glare, dizziness and visual range legibility differences between the LED displays when different factors were involved at same and different distances. A least significant difference test and a multiple comparison analysis were conducted to identify the key visual range and glare distance. To know the reliability of the subjective scale adopted in the test, the SPSS18 is used to analyze the reliability test. The reliability 
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Analysis Results of the Degree of Glare
The within-subjects effects results of participants who experienced glare at 120 m are presented in Table 4 for the factors "color", "font" and "information display location". Only "color" exhibited a significant effect on glare, thus revealing that the colors red, yellow, and green had an interaction effect. The results revealed that the distance of 120 m was generally too far for the participants to clearly read the text on the LED displays. Thus, font and information display location had a nonsignificant effect on glare. The identification results of the three aforementioned colors from a distance of 120 m, according to the subjective rating scale proposed by Heuer et al., and the five responses were strongly disagree, disagree, undecided, agree and strongly agree. Yellow (mean = 3.472) was the most identifiable produced the least glare, followed by green (mean = 3.511) and red (mean = 3.878). According to the internal effect tests of participants who experienced a glare at 28 m, the factors color, font and information display location are listed in Table 5 . Information display location did not demonstrate a significant effect on glare. The test results revealed that all participants could clearly read the information on the LED display that was 28 m away. This indicated that color and font affected information identifiability, whereas the information display location did not. The glare test revealed that at 28 m, the green (mean = 3.333) was the least glare color, followed by yellow (mean = 3.372) and red (mean = 3.850), the New Johnston Medium typeface produced the least glare (mean = 3.422), followed by Arial (mean = 3.539) and Times New Roman (mean = 3.594) typefaces. Times New Roman generated the highest glare, possibly because it contains serifs, which may impede participants' vision. We determined that New Johnston Medium was the most identifiable and created the least glare, followed by Arial and Times New Roman (which contain serifs). The internal effect tests of participants who experienced dizziness at 28 m, the factors color, font and information display location are listed in Table 6 . According to questionnaire number 6: I feel dizzy looking at the screen and the five responses were strongly disagree, disagree, undecided, agree, and strongly agree. Only "color" exhibited a significant effect on dizziness. The test results at 28 m, yellow was excessively bright and caused visual discomfort to the participants and engendered the highest degree of dizziness (M = 2.700), followed by green (M = 2.644) and red (M = 2.239). By comparing the degree of glare and the degree of dizziness experienced by the participants at 28 m, green was identified as the optimal color, which was also unlikely to cause dizziness. This result was in line with the theory proposed by Hsu [29] that eyes are more sensitive to green light at high brightness levels. Consider of typefaces, because New Johnston Medium and Arial contain thick fonts and straight strokes, they are relatively more identifiable. Arial was identified as the optimal font and was also unlikely to cause dizziness. By contrast, Times New Roman was the most prone to cause dizziness and was the least recognizable. The most identifiable information display location was the center, which was unlikely to cause dizziness. Table 7 reveals that the three factors (i.e., color, font and information display location) had a sum of squared deviation of 3708.352, a degree of freedom of 4, a mean square of 927.088, an F value of 53.076 and a p value of 0.000, thus indicating a significant interaction (p < 0.05). The color-font interaction had a p value of 0.000 (p < 0.05; indicating significant interaction) when the information display was within the visual range. These results may be because the two typefaces have long and thin strokes, thus making them more identifiable when within the visual distance. This result was in agreement with a result revealed by Wang [30] , which referenced a study administered by Japanese scholar Ichihara, related to Arabic numeral thickness and readability. Wang revealed that Arabic numerals with thick strokes and straight lines are easier to read than those with arcs, especially when the font size is small. Table 8 . Because New Johnston Medium has long and thin characters, it was easier to identify within the visual range. By contrast, Arial is a thick and roundish font and thus it was difficult to identify it in the visual range. Table 9 reveals that the three factors (i.e., color, font, and information display location) had a sum of squared deviation of 1225.007, a degree of freedom of 2.965, a mean square of 413.167, an F of 5.968, and a p value of 0.001, thus indicating a significant interaction (p < 0.05). The color-font interaction had a p value of 0.000 (p < 0.05; indicating significant interaction) when information display was within the visual range. For the glare distance, color and font were not significant and only information display had a p value of 0.000. And the color and font interaction presented a significant p value of 0.002 (p < 0.05). The interaction between font and information display location had a significant p value of 0.017 (p < 0.05). Also the interaction between color and information display location had a significant p value of 0.001 at the glare distance (p < 0.05). Thus, it was speculated that the glare distance of the result from the LED display is shorter and the visual task of participants was to search for the visibility of Arabic Numbers, information display was showing a significant, the information display located on the left or in the center which had great difference, and consistent with the research conclusion of Chong [32] . The information display location with Arabic numerals on the left was more vulnerable to glare than the center with Chinese characters on both sides because of the symmetry effect. Table 10 presents the information display location results. The center location was least susceptible to glare (M = 13.53 m) and glare was more easily observed when the display was located on the left (M = 16.16m). The visual range results presented in Figure 8a , when the information display was within the visual range and red color was used, the New Johnston Medium typeface provided the optimal result (M = 82.35 m). When yellow was used, New Johnston Medium yielded the optimal result (M = 93.35 m). Moreover, when green was used, Times New Roman generated the optimal result (M = 89.37 m). Which illustrate that yellow was the optimal color when the Arial and New Johnston Medium typefaces were used, whereas green was the ideal color when Times New Roman was used. The optimal information display location results presented in Figure 8b illustrated that the left (M = 81.81 m), center (M = 92.64 m) and center (M = 87.20 m) were ideal for red, yellow, and green colors, respectively. When the display was located at center, yellow was the optimal color, followed by green and red. The visual range results presented in Figure 8a , when the information display was within the visual range and red color was used, the New Johnston Medium typeface provided the optimal result (M = 82.35 m). When yellow was used, New Johnston Medium yielded the optimal result (M = 93.35 m). Moreover, when green was used, Times New Roman generated the optimal result (M = 89.37 m). Which illustrate that yellow was the optimal color when the Arial and New Johnston Medium typefaces were used, whereas green was the ideal color when Times New Roman was used. The optimal information display location results presented in Figure 8b illustrated that the left (M = 81.81 m), center (M = 92.64 m) and center (M = 87.20 m) were ideal for red, yellow, and green colors, respectively. When the display was located at center, yellow was the optimal color, followed by green and red. Figure 9a indicates that for Times New Roman, Arial, and New Johnston Medium, the optimal information display location was in the center (M = 86.63 m), in the center (M = 84.90 m), and in the center (M = 89.02 m), respectively. For the two information display locations, New Johnston Medium was the optimal typeface, followed by Times New Roman and Arial. Figure 9b Arial was the optimal typeface when red color was used (M = 16.83 m), New Johnston Medium was the optimal typeface when yellow was used (M = 15.87 m) and Times New Roman was the optimal typeface when green was used (M = 16.92 m).
Analysis Results of the Visual Range and Glare Distance
The interaction between color and information display location had a significant p value of 0.001 at the glare distance (p < 0.05). Figure 10a illustrates that the optimal information display location was in the center when the color was green (M = 12.78m), yellow (M = 12.86m) and red (M = 14.94m). Figure  10b illustrates that the optimal information display location was in the center when Times New Roman (M = 13.05m), Arial (M = 13.22m) and New Johnston Medium (M = 14.30m) were used. The interaction between color and information display location had a significant p value of 0.001 at the glare distance (p < 0.05). Figure 10a illustrates that the optimal information display location was in the center when the color was green (M = 12.78m), yellow (M = 12.86m) and red (M = 14.94m). Figure 10b illustrates that the optimal information display location was in the center when Times New Roman (M = 13.05m), Arial (M = 13.22m) and New Johnston Medium (M = 14.30m) were used. 
ANOVA and Post Hoc Analysis
The ANOVA results for the factors were compared and the color and font were tested. The statistical results were as follows. Table 11 reveals that the mean square difference between the groups of visual range was 6785.604; degree of freedom was 2; mean square value was 3392.802; F value was 319.939; and p value was 0.000, which was significant (p < 0.05). The p value of the glare distance was 0.346, which was not significant (p > 0.05). Table 12 reveals an interaction between the two colors in the visual range (p < 0.05). 
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Conclusions
The factors affecting the legibility of LED destination indicators mounted on the front of a bus were investigated in this study. The major conclusions are as follows. First, by comparing the degree of glare experienced by the participants at 28 m, green (M = 3.333) and yellow (M = 3.372) colors were found to produce glare. Yellow (M = 2.700) and green (M = 2.644) caused the highest degree of dizziness. Because the difference between the means of these two colors was small, both colors caused dizziness. Times New Roman was the typeface that caused the most glare and dizziness, and it impeded identification ability because it contains serifs. Glare and dizziness was caused when the display was located on the left. Due to the symmetry effect, the optimal result was obtained when the display was mounted at the center and this location also reduced glare. Second, the results revealed significant differences in the visual range for the three colors. Yellow could be seen from far away, thus signifying that the human eyes have higher detection range for yellow-green lights. In the visual range, there were significant differences between the three fonts. There were no significant differences in the glare distance for the three fonts. Within the visual range, New Johnston Medium was the most identifiable font because it is sans serif, is thicker and has straighter lines. Third, there were significant differences in the visual range and glare distance for the two information display locations. For both visual range and glare distance, the information displayed in the center yielded the optimal results. The center was the optimal information display location because of the symmetry effect. In the future, we will explore the ambient illumination during daytime. Thus, we will investigate and compare the legibility of information displays during the day and night. The participants in this study were aged between 21 and 25 years. To consider the needs of an aging population, future studies can recruit seniors and older adults as participants to evaluate the legibility of LED destination indicators. These findings are of practical importance to people who depend on public transport, which provide an applicable guide for designing LED destination indicators in the future. 
